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TECHNICAL NOTE NO. 1799

O THE FIXTNG QUALITTES OF HELICOPTERS

By John P. Reeder and F. B, Gustafason
SUMMARY

The flying—qualities problems of current helicopters as observed
during flight are dlscussed. These problems heve been found to be
(1) instebility with angle of attack in forward flight, (2) control
sensitivity in hovering (particulerly for the smaller helicopters), and
(3) control forces following control movement in meneuvers. Some dls—
cussion 1s also given of tenbative remedies for the most oubstanding
deflolencles.

JINFRODUCTION

Experience indicates that, In 1its present stage of development, the
helicopter i1s different from and more difficult to fly than most air—
planes. The difficulty seems to arise from several sources: (1) The
helicopter has one additional control (collective pitch) to be operated.
(2) The power combrols (collective pitch and throttle) must be used almost
continuously in conjunction with the flight conbrols during operabtions
near the ground, chiefly because of the rapid variation of power required
with airspeed in the speed range normally used 1n these operations.

(3) The helicopter has undesirable stabllity characteristics in forward
flight which would not be acceptable in an alrplane. (L) Undesirable
control characterlstics exist in both forwaerd flight and hovering.
Hovering fllght also introduces a new and unique problem of apparent lag
in control response which is, however, scmewhat anslogous to formation
flying with elrplsanes.

The National Advisory Committee for Aeronsubics has long been inter—
ested in stabllity and control problems and in setting up requirements for
the satlsfactory stabllity and control characteristica for airplanes.

This work 1s now being extended to the helicopter because the helicopter
eventually must meet requlrements parsllel to those for the ailrplene in
arder to reach 1ts potentlal capabilitiles. Although airplane requirements
may not be applicable to helicoptere in a specific menner, the under—
lying reasson for setting up the requirements applies to both airplane

and helicopter.
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During the past several years rotor—performance investigations have
been conducted at the Langley Laboratory using the two-place utility
alrcraft shown in figure 1. The rotors flown during this period differed
in solidity, airfoil section, twist, and blade-surface rigidity. During
the course of these investigations attention was drawn to certain stabllity
characteristics of the helicopter which have long been considered unac—
ceptable for ailrplanes, soms interesting control characteristics and flight
Phenomena were revealed, and same very limited measurements of stability
and control characteristics were made. Recently, moreover, the gtatus of
the performance investigations was such that instrumentation could be
ingtalled to get more detalled information on flight characteristica. Some
of the data obtained with this instrumentation, experience with other heli-—
copter types, knowledge of British experiments (an example is reference 1) 9
and information from translations of German papers (references 2 and 3)
have been used in formulating the ldeas presented in this paper. A further
valuaeble source of experience concerning the characteristics of the heli—
copter in maneuvers has been afforded by pull-up tests for load—factor
determination; these tests have been made by the CAA with the assistance
of the NACA., With this background, the present paper should help to
indicate the most fruitful lines for immediate further study.

OBSERVATIONS OF FIYING QUATLTTIES
Longitudinal Stability in Forward Flight

During the course of the performance Investigations, consilderable
flying was done at relatively high gpeeds approaching the limits imposed
by blade stalling., Steady conditions were difficult to hold because of &
strong tendency of the machine to diverge in pitch, this divergence
creating the Impression of balancing on a ball. This characteristic seemed
Tar more prondounced with some of the rotors tested than with others but
was always troublesome. TUpward pitching was most troublescme as it
frequently preclpitated or intensified stalling, which increased the
tendency to pitch up and was accompanied by rather violent periodic stick
forces and vibration. The forward displacement of the control from trim
necessary to check some of these pitching motions suggested that a short
delsy in epplying correctlive control would allow a meneuver severe enough
that control would be lost. Although there seemed ample control to stop
downward pltching, an excessive emount of forward control was again
required in order to check the subsequent upward pitching, These charac—
teristics indicated a pronounced type of longitudinal instability.

The tendency of the helicopter to depart from the trim speed and the
necesslty of applying appreciable control deflection against a pltching
maneuver involving acceleration, initiated either by conmtrol or by gusty

alr, 1s apparent throughout the speed range normally used in forwerd flight.
This tendency becomes much less pronounced, however, at the lower speeds.
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Shortly after a student pilot first experiences forward flight,
he 1s impressed with the necessity for having to control the helicopter
constantly. The reasons for this situstion are not Tmmediately clear.
It 1s a well—known fact that a flapping rotor tilts to the rear if
speed. 18 increased; thus the rotor ti1lt causes the machine to return to
the original speed. Thig condition constitutes stabllity of the rotor with
respect to speed. Wind—tunnel investigations of the subJect fuselage
(reference 4) have shown it to be unstable with respect to speed, but this
Ingtability 1s evidently oubtwelghed by the rotor stabillty jJust discussed,
inasmuch as measurements have shown that the stick—position gradient
with respect to speed 1s stable. Furthermore, observation and
measurements have indicated that the static stick—force gradient
with respect to speed is small, but it has been either unstable,
neutral, or stable, the gradient depending upon the pitching mcments of
the particular blades and upon the bungee configuration; however, the
pilotts over-all impression that the helicopter is unstable is not
greatly affected by these force gradients. The source of the difficulty,
therefore, cannot be elther stick—fixed or stick—free Instablility with
speed.

The samewhab obvious conclusion is that the pilot's impressions are
a result of the hellcopter's lnstabllity with angle of attack. At least
two loglcal sources exist for thils instability with angle of attack:
(1) When the helicopter rotor 1s subjected to an angle—of—attack change
in forward f£light, for constant rotational speed the advancing blades are
subjected to a greater upward accelerating force than the retreating blades
because the product of angle—of-ettack change and velocity squared is
greater on the advancing side than on the retreating side. The resulting
flapping motion wlll then tilt the disk in the dlrection of the initial
change and. an unstable moment will result. This effect 1s a function of
the tip—speed ratlo and becomes more pronounced at higher speeds.
(2) Wind~tumnel investigations of the fuselage of the subject helicopter
have indicated that 1t 1s umstable with respect to angle of attack
(reference 14).

Although alrplanes can and do exhibit instability with angle of atitack
at times, this condition 1s recognized as unsatisfactory and is generally
prevented by keeping the center of gravity sufficlently far forward.

The effects of the Iinstebllity with respect to angle of attack on
the flight characteristics of the helicopter were subsequently Iinveastlgated
in more detail, first in the low-speed flight range and then at suc—
cesalvely higher speeds. In maneuvers Iln which the stick was abruptly
deflected from trim and held, the normal acceleration was found to build
up at an Increasing rate for a length of time detectable to the pilot.
Furthermore, the acceleration and pitching velocity, at least for small
gtick deflections when the maneuver could be continued for a reasonable
time, did not reach a maximum until 3 or 4 seconds had elepsed. The
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acceleration and pitching veloclity in this type of maneuver apparently
would continue to increase for even grester periods of time were it not
for the stabilizing influence of the associated speed change.

The stick farces accompanying these maneuvers are undesirable. The
pilot's impressions are that after transient effects have disappeared,
the forces became somewhat umstable, that is, a push in pull-ups or a pull
in push—downs, the megnitude of the forces depending upon blade charac—
teristics. Of course stable forces are considered necessary for satis—

factory handling qualities.

Longitudinal Oscillations

Stick—fixed longitudinal oscillations of the test helicopter were
studied to clarlify the interaction of the stability with speed and insta—
bility with angle of attack. Time histories of two abttempted stick—fixed
oscillatlons have been prepared. For these cases the helicoptier had a
set of experimental blades of low solidity that were not production blades.
Low solldity necessitates higher pltch at the same rotational speed and
thus stelling was encountered at lower forward speeds for the low—solidity
blades than for the production blades.

Flgure 2 shows an oscillation initiated from steady level flight at
40 miles per hour by a momentary rearward motion of the stick. The type
of motion shown resembles the alrplane phugoid motion in that changes in
alrspeed and altitude occur, but the Important difference is that definite
changes in angle of attack take place. The period of the motion is about
1k seconds, which ig long enough that the pilot does not have trouble
controlling the oscillation. The motion about doubles in amplitude in
one cycle. During the third cycle the machine reaches 25° nose up from
the trim attitude and shows Increments in acceleration, from the 1 g
condition, of about O.l4g and —0.3g. This maneuver was terminated when
the attitude and the rate of change of attitude, acceleration, and speed
were such as to cauge the pilot to become spprehemsive.

Figure 3 shows an oscillation attempted from steady level flight at
65 miles per hour. Agein the hellcopter was disturbed by an intentional
stick motion, after which the stick was held fixed at the trim position.
The helicopter nosed up mildly and then nosed down. The helicopter was
s8t111 noslng down at an Increasing rate, as the acceleration curve
indicates, at about 9% geconds after the start of the maneuver, or about

k seconds after the 1 g axls was crossed, and the recovery had to be made by
control application. Immediate response to rearwerd control was obbtained,
but as 1 g was reached, the pilot had not only moved the control back to
the trim position but was also moving it rapidly forward to check the
acceleration which was bullding up at a high rate. The control reached
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the forward stop about 2 seconds before the acceleration reached 1its peak
of 1.7g. The time history does not tell the whole story, however, for
during this maneuver, as the stick approached the forward stop, the
collective pitch was reduced to aboub 6° to reduce the acceleration and
the agsociated blade stelling. The rotabional speed went above the pla—
‘card 1limit. In addition, the horizon disappeared from the pilot's view;
thus a very high attitude was indicated, when the field of view from this
gircraft 1s considered. A roll at the top of the maneuver as in a wing—
over wes necessary for recovery. The maneuver Just described could be
entered inadvertently should the pilot permit his attentlion to be brilefly
diverted. It is obviously extremely hazardous and the consequences should
not be underestimated.

Camparison of these two time histories indicates the marked influence
that speed has on the instability with angle of attack and therefore on
the difficulty of combrolling the alrcraft. In order to bring out this
trend wlth speed more clearly, additlonal oscilletlions, including somse
made in mildly gusty alr, were made to provide more points in the speed
range. JIn order to obtaln greater generallty, different rotor blades
were used on the same helicopter and a later model helicopter of basgically
glmiler deslign was also ubillzed. In all cases the time required with
controls fixed to reach a dangerous flight condition followlng the first
definite nose—down motlion was noted. For the cases where relatively
complete Ilnstrumentatlion was used, the increment in normal acceleration
from the 1 g conditlion that had been reached, at the fllght condition

congidered dangerous, wes usually about %g, regardless of forward

speed. The acceleration Increment sppears to be a much better criterion
for the flight condltion at whilch recovery must be started than 1s the
more commonly dliscussed attitude angle. The valus of i-g mentioned for

thils increment probably corresponds to the particular hellcopter under
test and may be expected to vary with size and other characteristice of
the helicopter. The regults of the measurements that have been made are
summarized in figure 4., In this figure the increment in acceleration per
wnit time 1s shown plotted agelnst alrspeed. The ordlnate values were
obtained by taklng the reciprocal of the values of time to reach a
dangerous flight condition, which, as has been pointed out, corresponded
to & reasonably fixed acceleration increment of about lg Thus, the

higher the value shown, the earlier a dangerous condition would be
reached and, hence, the more frequently the pilot has to apply control to
maintaln steady flight., In other words, 1f correctlive ocontrol is applled
at glven intervals, then the higher the value shown, the greater the
amount of corrective control required.

From ebout 40 miles per hour to 50 or 60 miles per hour the values
gshown are relstively low. In this reglon the hellcopter can actually be
made stable by relstively simple means, and in aeny event it requires rela-
tively little attentlon from the pllot. At the higher spseds the
attentiveness required of the pilot rises rapidly. In like manner, many
mothods of improving the stabllity characteristics which could readily be
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made to functlon satisfactorily at low speeds will offer grieater diffi-—
culty or may even become inadequate at these higher speeds. Note that a
peak is shown at about 30 miles per hour. In this range, if the controls
are fixed, the helicopter will soon nose up, slow down, and slide
backwards wlth resulting yawing motions and conbrol difficultiles.

Observations Particularly Concerning Hovering

Thus far only the forward-flight characteristlics have been discussed.
Hovering, of course, precedes and follows all forward flight and is the
outstanding reason for the exlstence of helicopters. At the present time,
however, the problems assoclated with hovering are more indefinite than
the problems in forward flight; they tend to disappear with a little
flight practice; and they do not affect the general utility of the helil—
copter to the extent that limitations placed on night and ingtrument

flying do.

One of the problems which the trainee must overcome in a helicopter
of this type and size im the high control sensitivity in roll or, in
other words, the high rate of roll per inch of stick displacement. This
sensitivity can lead to overcontrolling which results In a short-period,
pilot—induced, lateral oscillatlion. It 1a caused, apparently, by the
.pllot's lag in removing control following response of the machine, The
result can be likened to what occurs with an autopllot having improper
follow-up. A point to be remembered 1s that with constant ratio of
control-stick dlsplacement to cyclic feathering the steady rolling
velocity obtalned wlll vary inversely as the diameter of the rotor, or,
the smaller machine willl roll faster. Thus, sensitivity becomes less of
a problem wilth larger machines.

The forces the pllot encounters 1n deflecting the stick can accentu—
ate or minimize his Impression of the mernsitivity. The pilot should
first be able to trim steady forces to zero. He should also have a force
gradlent, or spring constant, opposing displacement of the stick in order
thet he can properly Judge the control being applied. The control-force
gradlent centers the stick when it 1s released; therefore, the lag in the
pilot's follow—up process and the effort required are reduced. With one
set of blades on the subJect machine the lateral gradient was satis—
factory, but with other blades pecullar characteristics appeared. In
some cases the Initiael force change with deflection was proper, but the
force returned to zero or even reversed as rolling veloclty developed.
This characteristic is considered very undesirable by the pllot. Figure 5
111ustrates the character of the lateral forces ilmmediately following
stick displacement for two different rotors. Rotor A illustrates the type
of transient force variation consldered umsatisfactory, while the force
variation for rotor B was congidered acceptable.
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The longitudinal forces immediately following abrupt stick dis—
plecement differ in character from the lateral forces (fig. 6). In this
cage nelther rotor A nor rotor B showed acceptable characteristics,
although the pilot reported the characteristics of robor A nobiceably
Inferior to thoge of rotor B.

In another case abrupt stick mobtions were found to cause forces
perpendicular to the direction of motion which tended to whirl the stick
in the directlon of rotor rotation. The stick would go to full deflection
in a epiral motion i1f released. The forces for restraint of the stick
became higher as the stick was moved more rapidly. Overcontrol results
in this case because the pilot fightas the forces.

No leas important in promoting overcontrol is high comtrol friction.
Friction prevents accurate positioning of the conbtrol because of the
extremely nonlinear force gradient it provides for small deflections and
because the control tends to Jump as static friction is broken. Friction
also prevents self—centering of the combrol and consequently causes poor
follow—up and an Increase in the required pilot effort. The control
difficulties imposed by high sensitivity and undesirable forces fortu—
netely can be greatly lessened with relatively little practice. The
control difficulties lmposed by friction, however, always increase the
demands on pilot effort and are hardest for the pilot tio overcome in
avoiding overcontrol.

The extrapolation of roll measurements to full combrol deflection
Indicates that the maximm rate of roll for this aircraft is as great as
those of some modern fighter airplanes at the speeds for their meximm
rates of roll. The high rate of roll achieved with the helicopter is
apparently due to low damping and not to high conbrol power, because the
moments developed about the cemter of gravity are elweys relatively small.
Computations of the damping indicate that it is a fraction of that for
alrplanes and could be expected to result in large amounts of continued
roll following the cemtering of the controls from high rates of roll. In
observations made at 40 miles per hour, however, where experiments with
large rates of roll were convenient, no tendency to overshoot could be
detected by the pilot. In hovering, both pilot observations and instru—
ment measurements have indicated that the tendency to overshoot, while
Presumably present, ls secondary to the effects of the stabillty with
speed which results from the lateral motion acquired. Apparently, the
lateral veloclly cam, In accordance with the details of the maneuver,
elther cancel or add to the tendency to overshoot.

Many descriptlons of the control response of this and similar heli-—
copters In terms of lag have been made. The control lag, as defined by
the tlme necemsary for the rotor to reach a position corresponding to any
specified stlck position during steady motion of the controls, has been

m e i a e e e A Ah e e o — - —e———e e
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found to be actuslly less than 0.1 second for the subject rotors, a time
perilod too short for perception by the pilot. Correspondingly, after

the stick reaches its poaition followlng an abrupt lateral deflection
only ebout 0.1 second elapses before the fuselage attains meximm anguler
acceleration in roll. Experience gained from alrplane handling—qualities
studies indicates that this is a satisfactory response; in fact, alrplans
requirements allow 0.2 gecond (reference 5)., The helicopter also
epproeches a steady rate of roll in gbout the game time as does an air—
plane. The impresslion of lag when hovering, therefore, seems to arise
from the fact that velocity changes or displacement of the helicopter in
space do not follow the inclination of the thrust vector lmmedistely,
because of the mass of the machine. A gimilar apparent lag effect occurs
in girplane formatlon flying where the problem l1s to control the rate of
closure. The pilot overcomes his first lmpressions of lag during training
by learning to conbrol the helicopter's accelerations.

In hovering the helicopter also drifits back and forth as a result of
the motions of the alr. Same drift has to be expected of any aircraft
gince 1t is supported by the air. The stabllity of the machine with
respect to speed and the directlonal gtablllty in comnection with yawing
motlons, both of which are desireble in other respects, increase the
tendency to move or yaw wlth changes in wind velocity or direction. In
this respect, reductlon of stability can be beneficilal.

In hovering, control—fixed lateral and longitudinsl oscillaticns
have been found to bulld up repidly in amplitude per cycle. Since the
machine performs an osclllgtlon, a restoring tendency following a dis—
turbance exlists due to stability with spesd. The restoring tendency
itself is beneficlal, provided the perilod of the motion is long enough to
allow for the pilot?s reaction time in perceiving and correcting the motion.
The longltudinal period for the hellcopter was found to be about '
14 seconds, while the lateral perilod was about 6 seconds, a consider—
ebly shorter time. From experience gained from airplane handling—
qualities studies and from personal experience with this and some other
helicopters the period of the lateral motion 1s consldered great enough

to eliminate it as a control problem.

Isolated Flight Phenomens

Early in the rotor performance investigations a phenomenon in con—
nection with vertical flight was encountered. In determining the power
required at zero airspeed with varying rates of descent, a region was
encountered In which control of the machine could not be malintained. The
descents were entered from forward flight with fixed power, and when zero
alrspeed was reached the rate of descent was low. If the powsr was insuf—
flicient to maintaln descent at less than 500 feet per minute (as indicated
by a standard rate—of—climb indicator) the machine would slowly increase
its vertical velocity. At an indicated rate of descent of about 500 feet
per minute, shaking of the machine became quite pronounced. Rather
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violent, random yawlng motions would then occur with some roll, the rate
of descent would apperently Inorease repidly, the rotational speed of
the rotor would vary noticeably, and more often than not the maechine
would eventually pitch nose down and recover by gaining speed, despite
application of considerable rearward control. Thig behavior had many
varliabions which apparently depended on small horizontal velocities and
on power conditions. In same ceses similar shaking of the machine was
encountered at indicabed rates of descent of only 300 feet per minute.
The logs of control appeared mogt severe when the power was as high as
possible at the required rate of descent. As power was progressively
reduced during succesalve trialsg the difficulties were reduced to the
polnt at which no trouble was encountered for the power settings per—
mitting steady deacents of about 1500 feet per minute and higher. These
descents were alweys performed wlth a margin of altitude and no diffi—
culty was ever encountered In recovering at any sbtage desired.

The yawing motions and inadvertent recovery mentioned previously are
rosslbly affected by rearward velocity., Nevertheless, the fundamental
cause of the phenomenon appears to be an irregular flow of air through
the rotor. In hovering, a definite downward flow of air through the
rotor occirs, and in descent with the power completely off an upward flow
of air through the rotor tekes place; but in this inbermediate condition
the air tends to move with the rotor. A loglcal assumption is that when
the alr attempta to stey with the rotor, it might actually mix in turbu—
lent and erratic fashion with the alr outside the rotor disk. Mobilon—
picture studles of tufted blades during some of these cases have thus far
shown no stalling but have shown pronounced, but irregular, blade bending.
The presence of thls irregular bending tends to support the irregular—
flow explanation, but much remeins to be learned about this region of
operation.

Another phenomenon has been encountered following take—off. The
mechine was being accelerated rapidly horizontally from hovering and, ab
20 to 30 miles per hour, it piltched up abruptly. In several cases 1t
was Hecessary to have the control ageinst the forward stop for a short
interval of time to check the motion. This same tendency has been
noticed in other helicopters. The horizontal acceleraetion is normally
low enough that full conbrol deflection is not required. This charac—
teristic may be due to the dynamlc stability characteristics in pitch
and to the rapid emtry into the higher speed range. This condition
should be investigated, however, as a possible critical one in
determining the required control range.

The precedlng sections have pointed out some of the stability and
control cheracteristics found for a particular helicopter type. They
appear to be appllcable to other types, however, in whole or in part.
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DISCUSSION AND POSSIBLE SOLUTIORS

The basic purposes for making flying—qualitles studles are to
1solate the characteristics most in need of improvement and to find means

for achieving these Improvements. A discussion of a few examples of the
lines of development which are suggested by the evaluation of flying
qualities which have been given therefore seems in order.

In the authors' opinion the problem which seems to need investi~
gation most urgently is the instability with angle of attack. One
proposed. solutlion to thils problem is to provide stick forces 1n the
proper directlon, or stick—free stabllity. Thils proposal means that in
maneuvers at constant speed pull forces are requlred to hold constant
poaltive acceleration and push forces to hold negative acceleration.

This solution does not alter the fact that the conbrol moves 1n the wrong
direction as the maneuver develops. Stick—free stabllity is considered
to be esgential for a completely satisfactory solutlion but is not, in
itself, sufficlent. First, the stick is never actually free because of
friction; also, the pllot impoges some restraint on the stick, elther
consciously or unconsciously, because the stick will tend to move notice—
able amounts in counteracting the stick—fixed instability. Second, and
most Important, the stick—free stabillity does not alter the fact that
maneuvers (elther intentional or due to gusts) can be severe enough that
Insufficient conbtrol for prompt recovery exigts.

If the machine could be provided with sbtick—Fixed stabllity with
respect to angle of attack, the danger of loss of control would be virtu—
ally eliminated, and friction or pilot resiraint of the stick would not
affect the machine’s tendency to malntaln steady flight. Maneuvers could
be executed without reversing the stick motion, and recovery could be
made by simply returning the stick to the trim position., Stick—free
stability could be provided in thig case by mechanical means such asg

simple springs.

Since the Instabillty with angle of abtack arlses ag a result of
forward speed and 1s greatest at the highest speeds, to attempt to
obtain the desired stabillzing forces by using some form of horizontal
tall surface mounted on the fuselage seems logical. Thig use of a
horizontal tall surface is particularly valld, of course, for overcoming
the instability of the fuselage itself. Rotor instablllity could more
logically be ellminated by self—contained means, bub the more practical
immediate solutlon may neverthelesg lie in the use of some form of
horizontal. tail surface. Preliminary caelculations indicate that a rather
emgll tall area should suffice; for example, calculations for a sample
two—place helicopter indicated that about 4 square feet would be needed
to stabilize the fuselage and that an additional area of about 4 square
feet should serve to stabllize the rotor.



NACA TN No. 1799 11

One obvious disadvantege resulting from the uge of the tail surface
lies in the undesired vertical loads and pitching moments developed in
hovering and vertical flight. For the areas mentioned these forces are
actuelly quite small but msy be further reduced, 1f desired, by using a
biplane tail surface which would present less proJjected area in vertlcal
flow or by using a free—floating tall surface arranged to be effective
only in forward flight. More serious problems may arise from the fact
that, in forwerd flight, a change from level flight to climb or to
autorotation resultas In g sizable change in the angle of atbtack of the
tall surface. Thils change occurs because the attltude angle of the heli-—
copter remains roughly constant while the flight—path angle changes.

This situatlion suggests that for at least the faster and more highly
powered helicopters the tall surface should be made to move in conjunction
with the pitch controls or should be made free—floating.

Thegse problems and a number of detalls concerning the robtor downwash
need further clarificatlion before the helicopter desligner can be expected
to make full use of the tall surface as a cure for the angle—of-abtack
instability.

An improvement in the hovering characteristics should also be
possible. Control sensitivity could be reduced by changing the control—
gystem gearing, but thls change is undesirgble because it would 1limit
the control avallable for trim unless a nonlinear system were used. A
more loglcal solution would be to provide the pllot with a stick—force
gradient which 1s sultably proportioned to the control sensitivity. In
this regard the effects of slize tend to be contradictory. In other
words, the smaller the hellcopter the greater its control sensitivity
but the smaller the probable force gradient, and vice versa; whereas the
greater gensitivity should be accompanied by a larger force gradient.

Control sensitivity could also be reduced by Increasing the demping
end thus reducing the rate of roll., One way of meking thils reduction
involves 1ncreasing the control lag by changing the rotor characteristics.
Control lag, however, should not be increased to more than perhaps three
or four times that of the subject helicopter, or more than perhaps 0.2 to
0.3 second, as it may lead to overcontrol of a different type than that
mentioned previously and one which is more dangerous because of larger
gmplitude. A betber solution would be-to increase demping withoub

changling lag.

Friction in the control system should be kept to a minimm or to a
vaelue which will permlt good self—centering characteristics. TUndeslrable
transient control forces in maneuvers, as well as excessgive vibratory
stick forces, should be prevented from reaching the pllot by means of
irreversible mechaniams rather than by introductlion of large amounts of
friction. The desired control feel can then be introduced on the pilot's
slde of the lrreversible mechanisgm.
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In order 1o reduce the tendency of the machine to react to horizontal
gusts in hovering, the stability wilth speed could be reduced as by the
use of a linkage such that flapping causes correctlve feathering.

CONCLUDING REMARKS

Flight investigations of a helicopter have been made to help in
clarifying the outstanding flying—qualities problems and have lead to the
followling observatlons:

The forward—flight instability with angle of attack of the rotor and
the fuselage is of greatest concern. The rotor instebility is considered
to arise as & result of flapping and increases In severity with increasing
speed. This ingbtability may result in the loss of conbrol in rough air,
in msneuvers, or during instrument flight. The possibility of allevi-—
ating this difficulty by means of a tall surface 1s briefly discussed.

In hovering, neither the period of the stick—fixed oscillations nor
the lag in the response of the rotor to conbrol application — both of
which have at times been suspected of making hovering difficult for the
beginner — was found obJectionable. The smaller helicopters, however,
have been found to develop high rates of roll per unit stick displacement,
and this sensltivity results in a tendency for an inexperienced pilot to
overcontrol, particularly during hovering. Reduction in sensitivity by
changing the control-gystem gearing is not feasible because of require—
ments for trim in forward flight. The situation can be alleviated,
however, by increasing the rotor damping, although caution must 'be used
to prevent inmtroducing excessive control lag as a result. A further
means for reduction of the comtrol difficulties caused by high semsitivity
lies in the providing of an approprlate stick—force gredient.

It ig difficult with any whirling rotor gystem, and particularly
with the larger and faster machines, to prevent the occurrence of undesira—
ble control-system forces. In several cases movement of the control stick
was found to result in transient forces of an unstable nature or in
forces out of phase with the direction of stick motion. These phenomena
were noted in hovering as well as in forward flight. Such forces were
Pound to increase the difficulty of combrol greatly and therefore indicate
the desirability of irreversible control systems with the desired feel
introduced on the pilotts side of the irreversible mechanism. Friction
has been used as a cure but in itself has been found very undesirable.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., November 10, 1948
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Figure l.— General view of test helicopter.
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Figure 2.— Longitudinal oscillation at 40 miles per hour.
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Figure 3.— Longitudinal oscillation at 65 miles per hour.
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Figure 4.— Rate of deviation from steady trimmed flight.
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Figure 6.— Stick forces following abrupt longitudinal stick deflection.
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